RECOMMENDATIONS
Level III:
• Treatment of isolated fractures of the atlas based on the specific atlas fracture type and the integrity of the transverse atlantal ligament is recommended. • For an isolated fracture of the atlas with an intact transverse atlantal ligament, cervical immobilization is recommended. • For isolated fractures of the atlas with disruption of the transverse atlantal ligament, either cervical immobilization alone or surgical fixation and fusion is recommended.
RATIONALE
The isolated fracture of the atlas, or "Jefferson" fracture, has been an injury of historic interest and remains clinically germane. These injuries are rarely associated with neurological sequelae and are typically managed successfully with minimal intervention. Recommendations for their initial management have generally been conservative in the absence of gross spinal instability. Medical evidence-based recommendations for the management of isolated atlas fractures have been previously offered by the guidelines author group of the Joint Section on Disorders of the Spine and Peripheral Nerves of the American Association of Neurological Surgeons and the Congress of Neurological Surgeons in 2002. 1 Class III medical evidence supports a recommendation that the treatment of isolated C1 fractures be based on the integrity of the transverse atlantal ligament. The guidelines author group concluded, "Isolated fractures of the atlas with an intact transverse atlantal ligament may be treated with cervical immobilization alone." In patients in whom the transverse atlantal ligament was disrupted, the authors concluded that "[these fractures] may be treated with either cervical immobilization or surgical fixation and fusion." The purpose of this updated review is to identify additional medical evidence on this important topic since the initial 2002 guideline publication.
SEARCH CRITERIA
A National Library of Medicine (PubMed) computerized literature search from 1966 to 2011 was undertaken using Medical Subject Headings in combination with "vertebral fracture": atlas and human. This strategy yielded 582 references. The abstracts were reviewed, and articles addressing clinical management and follow-up of atlas fractures were selected for inclusion. The relative infrequency of these fractures, the small number of case series, and the numerous case reports with pertinent information required rather broad inclusion and exclusion criteria. The bibliographies of the selected articles were reviewed to provide additional references and to assess completeness of the literature review.
These efforts resulted in 5 contemporary articles describing acute traumatic atlas fractures not included in the previous version of this guideline. One of these reports provided no new data and was excluded. Although case reports were included in the previous guideline because of the paucity of clinical material on this subject, no new case reports were identified that would affect the previous recommendations. Fourteen contemporary Class III medical evidence case series are summarized in Evidentiary Table  format and are described in the text. Selected supporting articles are included in the bibliography and contribute to the scientific foundation.
SCIENTIFIC FOUNDATION
Acute fractures of the atlas (C1) represent 1% to 2% of spinal column fractures and account for 2% to 13% of all acute cervical spine fractures. [2] [3] [4] First reported by Cooper in 1822, the subsequent historical publication of Jefferson 5 in 1920, and later reports by Segal et al 6 and Sherk and Nicholson 4 have resulted in the use of the term Jefferson fracture to indicate a burst fracture injury of the atlas ring.
A central issue in the management of atlas fractures has been the importance placed on the integrity of the transverse atlantal ligament. The widely quoted rule of Spence (ie, . 6.9-mm lateral mass displacement of C1 over C2 on the open-mouth radiograph suggests transverse atlantal ligament disruption) was based on only 2 combined biomechanical and clinical studies of relatively low quality. 7, 8 It was postulated to describe the severity of the atlas burst injury and to predict transverse ligament disruption. Historically, it has been used to determine/define the stability of burst fractures of the ring of the atlas. Heller et al 9 in 1993 proposed that this number be adjusted to 8.1 mm as a result of radiographic magnification factors, but the approximate number of 7 mm is generally still cited in the literature.
In 1996, Dickman and colleagues [10] [11] [12] reported that magnetic resonance imaging was a more sensitive indicator of transverse atlantal ligament integrity/disruption than the rule of Spence because of the ability to visualize the ligament with magnetic resonance imaging (MRI). They described 39 patients with C1 ring fractures with abnormal signal in the transverse atlantal ligament, including 60% that would not have been defined as unstable with standard radiographs and the rule of Spence. Although of potential significance, the data they provided are Class III medical evidence for a diagnostic test (see Table 1 ) because of the lack of a true gold standard and their failure to include the necessary data required for a formal bayesian analysis (eg, a false-positive rate could not be determined from the data provided). 11 The authors recommended treatment of atlas fractures based on the MRI findings. Fractures in which the substance of the ligament was injured without associated fracture of the atlas (type I injury) would be considered for early surgical fixation because of inherent instability. External immobilization was recommended for the finding of an avulsion fracture of the atlas at the insertion of the transverse atlantal ligament (type II injury). 10 As with prior reports, the number of patients treated surgically for instability for whom there was outcome data available was limited. Their report provides Class III medical evidence for treatment.
The previous guideline on this topic summarized a number of case series in formulating treatment recommendations, all of which provided Class III medical evidence. 3 In 1988, Hadley et al 4 described a treatment algorithm based on 32 patients with isolated fractures of the atlas. There were no neurological injuries in their group of patients, and all were managed nonsurgically. This pre-MRI study reported that isolated fractures of the atlas could be managed with external immobilization alone (median, 12 weeks), with the type of immobilization determined by the combined lateral mass displacement (LMD) of C1 over C2. Atlas fractures with an LMD , 6.9 mm (12 patients) were successfully treated with a cervical collar. Twenty patients with an atlas fracture with an LMD . 6.9 mm were effectively treated with more rigid immobilization using the halo orthosis or a suboccipital mandibular immobilizer brace. Fowler et al 13 described 48 patients with acute traumatic atlas fractures. They treated atlas fracture with an LMD , 7 mm with a cervical collar and those with an LMD . 7 mm with traction followed by immobilization in a cervical collar. None of their patients required surgical stabilization. Additional reports of patients with traumatic atlas fractures favored nonoperative management and are summarized in Table 2 . Lee et al 14 and Kesterson et al 15 reported a total of 25 patients considered stable with an LMD , 7 mm; all were treated successfully with a cervical collar. All 34 patients with isolated C1 ring fractures in the Levine and Edwards 3 retrospective review all healed successfully without surgery. Levine and Edwards treated fractures with an LMD , 7 mm with a cervical collar and those with an LMD . 7 mm with a halo orthosis or traction until healed. Although infrequent, late instability of isolated C1 fractures can occur; therefore, clinical follow-up during and after immobilization is recommended. 16 The 1998 report of Lee et al 14 attempted to characterize atlas fractures into 3 types: anterior or posterior arch fractures (Landell type I), burst fractures (Landell type II), and lateral mass fractures (Landell type III). In general, types I and III were considered stable. Treatment with rigid collar immobilization was recommended. Type II fractures were judged to be either stable or unstable on the basis of an LMD . 7 mm or documented disruption of the transverse atlantal ligament on MRI. A treatment algorithm resulting in cervical immobilization for stable atlas fractures and surgical stabilization for unstable atlas fractures was described; however, the series did not include any unstable isolated atlas fractures. Surgical fixation, primarily C1-2 stabilization with fusion, has been reported as treatment for isolated atlas fractures using LMD criteria . 7 mm [16] [17] [18] [19] or a predental interval on lateral x-ray of . 5 mm. 18 This updated medical evidence review identified 4 more recent clinically relevant studies addressing the management of isolated atlas fractures in adults. [20] [21] [22] [23] [24] These 4 publications include patient data and new information. A review by Kakarla et al 20 was identified but appeared to essentially summarize the previous guideline published on this topic and provided no new information.
Kontautas et al 22 reviewed a series of 29 patients with upper cervical spine injuries. Although the authors described a prospective review, the study appears to be retrospective and is considered Class III medical evidence. There were no comparison groups or control subjects. The authors reported 17 patients with isolated atlas fractures. Thirteen were considered stable and were treated with a cervical collar. All achieved successful union. Four were considered unstable by Spence criteria and were managed with halo immobilization. Seventy-five percent (n = 3) healed. The authors concluded that nondisplaced atlas fractures could be treated with a cervical collar alone. They noted that even with halo immobilization, some unstable atlas fractures will require surgical stabilization. This citation supports the previous guideline recommendations, adds support to the collar-only treatment arm for nondisplaced fractures, but does not provide sufficient medical evidence to change the existing recommendations for unstable atlas fractures.
Dvorak et al 23 in 2005 published the first study attempting to address quality-of-life issues in patients with isolated atlas fractures. They surveyed a series of patients treated for atlas fractures using the Short Form-36 and the American Academy of Orthopaedic Surgeons/North American Spine Society pain value scales. They asked patients to compare their postinjury state with their preinjury status. The study included long-term follow-up (mean, 75 months; range, 19-198 months) but had a relatively low response rate (60%). The authors reported that patients who replied to the survey did not perceive themselves to return to their preinjury status after sustaining a traumatic atlas fracture. The presence of an unstable atlas fracture was associated with a worse outcome compared with those who sustained a stable atlas fracture.
Horn et al 21 specifically reviewed the complications of halo fixation in the elderly population. Although this study did not specifically focus on atlas fractures alone, it is included in this review as an important consideration of treatment-related complications. Patients were included in their review if they were $ 70 years of age and were treated with a halo device either as treatment after injury or postoperatively. A total of 53 patients were included, 41 posttrauma and 12 postoperative patients. The analysis of complications of halo immobilization was based on a total of 42 patients on whom follow-up data were available. The perioperative mortality rate in this group from all causes was . 20%. Two of the deaths were felt to be unrelated to treatment, resulting in the reported 14% perioperative rate. Halo ring and vest complications included respiratory distress (n = 4, 9.5%), dysphagia (n = 6, 14.3%), and pin-related complications (n = 10, 23.8%). The authors concluded that halo immobilization can be accomplished safely in the elderly; however, the high complication rate associated with halo immobilization must be considered. The high perioperative morbidity rate in this report raises concern for surgical fixation of the cervical spine in this age group as well, highlighting the challenges of treating the elderly injured population in general.
Hein et al 24 described their clinical experience with 8 patients with unstable atlas burst fractures and provided their working definition of "unstable" atlas fractures: "The unstable atlas burst fracture, Jefferson fracture, is a fracture of the anterior and posterior atlantal arch with rupture of the transverse atlantal ligament and an incongruence of the atlanto-occipital and the atlanto-axial joint facets." Their experience spanned a 10-year period, emphasizing the relative infrequency of this isolated fracture pattern. Five of their patients were initially treated with immobilization but required late transarticular screw fixation (62.5%). Eventually, all 8 patients they managed required surgical stabilization, all of whom reportedly achieved bony fusion. The authors concluded that although halo immobilization can be considered for the initial management of unstable atlas fractures, the discomfort of prolonged immobilization and the poor healing/union rate associated with immobilization alone should prompt clinicians to offer early surgical stabilization of unstable atlas fractures. This latter opinion is not supported by the data presented. Their retrospective case series without a control group (and no assurance that the entire cohort of treated patients was included) provides, at best, Class III medical evidence that surgical fixation is an option in selected patients with unstable C1 fractures. Their report does not alter the previously published recommendations on this topic.
These more recent clinical articles provide supportive Class III medical evidence on the treatment of patients with isolated atlas fractures. The issue of quality of life is new information and suggests that there may be more long-term morbidity associated with an atlas fracture than previously believed. The complications associated with halo immobilization of atlas/cervical fractures, particularly in the elderly, are highlighted in this review. The definition of the unstable atlas fracture provided by Hein et al may prove useful for future comparative studies.
SUMMARY
No Class I or Class II medical evidence addressing the management of patients with isolated atlas fractures was identified. Class III medical evidence on this topic from case series and case reports supports several treatment strategies for patients with acute isolated fractures of the atlas. One study addressing quality-of-life issues has been published.
Nondisplaced isolated anterior or posterior atlas arch fractures and fractures of the atlas lateral mass (types I and III) have been effectively treated with external cervical immobilization devices. Rigid collars, suboccipital mandibular immobilizer braces, and halo ring-vest orthoses used for 8 to 12 weeks have been described with successful union/healing rates . 96%. There is no medical evidence suggesting the superiority of 1 form of external immobilization over another.
Combined anterior and posterior arch fractures of the atlas (type II or burst fractures) with an intact transverse atlantal ligament (stable) have been effectively managed with use of a rigid collar, a suboccipital mandibular immobilizer brace, or a halo orthosis for a duration of 10 to 12 weeks.
Combined anterior and posterior arch fractures of the atlas (type II or burst fractures) with evidence of transverse atlantal ligament disruption (unstable) have been effectively treated with either rigid immobilization alone (halo orthosis) for a period of 12 weeks or surgical stabilization and fusion. Consideration of the potential complications of halo immobilization, particularly in the elderly, is suggested and must be balanced against the potential morbidity/ mortality associated with surgical treatment for these fracture injuries.
Criteria proposed to determine transverse atlantal ligament injury with associated C1-C2 instability include the sum of the displacement of the lateral masses of C1 on C2 of . 6 to 9 mm on a plain open-mouth x-ray (or 8.1 mm, the rule of Spence corrected for magnification), a predental space of . 5 mm in adults, and evidence of transverse atlantal ligament disruption or avulsion on MRI.
KEY ISSUES FOR FUTURE INVESTIGATION
The main issue in the management of patients with isolated fractures of the atlas remains being able to predict which patients with an unstable atlas fracture will fail to respond to immobilization alone and require surgical stabilization and fusion. Because of the relative infrequency of these fractures, registry data with a retrospective analysis using case-control study design appear to be the most feasible means to study this issue and provide Class II medical evidence.
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